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COMPLETE SPECIFICATION 

Curable Urothane Compositionsi 

It has been observed that the mixture of 
prepolymer and chain-extender ranains in a 
flmd, pourable state for a rdativdy short 
period of time, Le. curable uredbanc com- 
positicHi has a rdativdy short "pot-life", neces- 
sitating the preparatiwi 6t such mixture in 
smaU batches, which wiU fill only a sioall 
numbo- of moulds. Since a process is gen- 
erally considered uneconomical imless it can 
be ^ected on a large scak, prior art processes 
mvolvmg prepdymer/chain-extender mixtures 
have been found to be expensive time-con- 
suming, and incxmvenient Moreover, the short 
pot-liEc of these curable ompositions makes 
the filling <rf moulds, especially those of in- 
dicate design, difficult and incomplete and it 
turner resute in Ae entrapment of gas 
bubbles m the thickened mass thus contri- 
buting to defective moulds. Another observa- 
tion has been that the curable urethane com- 
positions will not remain sufficiently fluid to 
be pwired into moulds when the composition 
IS mamtained above ambient temperature for 
extended periods. In view<rf die fact that tem- 
peratures above ambient are necessary for the 
satisfactory prqjaration of die prepolymer and 
o^d elastomer, this inadequacy adds to the 
difficulties of attaining eoraicHnical larae scale 
production. 

This mvention provides curable urethane 
camp-ons possessing a desirably long pot- 
hfe. The new ccMnpositions harden readily at 
relatively low temperatures yet remain in a 
flmd, pourable state for sufficient periods <rf 
tune to permit adequate mixing of the urethane 
prepolymer and chain-extender and to allow 
the preparation of such compositions in rela- 
tival v laro^ miantitfAo 
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We, Aluu) OuiMiCAL Corporation, a 
Corponuioq organised and existing under the 
laws of fhc Siatr of New York, United States 
of America, of 61, Bioadway, New York 6, 
New York, United States of America, do here- 
oy declare the invention for which we pray 
that a patent auy be granted to us, and die 
method by which it b to be performed, to be 
particularly deschhcd in and by the fdlowine 
statement:—. * 
This invcntkm relates to curable urethane 
compositions, and compositions including chain 
extenders used therein. 

^no^m that urctiiane elastomers 
15 <^ be prepared by reacting an essentially 
hnear polymer, such as a polyester or a poly- 
ether, having terminal hydroxyl groups, witii 
an excess of an organic polyisocyanate, which 
on reaction with the hydroxyl groups of the 
polymer forms an essentially Imear urethane 
prepolymer having free isocyanato groups, and 
reactmg this prepolyTncr with a Wfunctibnal 
compopd which may be a glycol, a diamine 
^ ammoalcohol, or a mixture of these. This 
bifunctional additive, on reaction with die 
excess isocyanato groups of the urediane pre- 
polyiner, serves to cross-link and/or extend 
the Imear polymer chains to the point where 
the polymer bccooics hard or rigid. Generally, 
the hydroxyl rich polymer and die organic 
polyisocyanate arc combined initially to pro- 
duce a urethane prepolymer containing free 
isocyanate (NCO) groups and subsequentiy tiiis 
wepolymer is combinod, usually witii the aid 
of heat and pressure, with die bifunctional 
additive, i.e. the chain-cxtcndcr. This latter 
step may be referred to as the curing step. 

The curing step is carried out by admixing, 
and preferably by thoroughly blending, die 
prepdymer with the chain-extender usually 
at an elevated tcrapcraiuie. The mixture is 
then poured into suitable moulds and hardened 
Le. cured, by die application of heat and/or 
pressure, or the mixture may be masticated on 
heated rolls and formed into sheets. 
IPrke 4s. 6d.l 
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tively large quantities. 

The invention is based on die surprising 
discovery tiiat die pot-life of a curable ure- 
thane composition comprising a urethane pre- 
pol^er contaming free isocyanto groups, and 
a chain-extender composed of a major pro- 
portion by weight of an jffjd diamine, may be 
extended by the incorpwation of an dfecrive 
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amount of an organic tin compound. Since 
organic tin compounds are well known in the 
urethane art as catalysts, ie. process accel- 
erators, the anti-catalytic or decelerating dEect 
5 esmed in the cuoaUe urethane composition 
of this invention cannot be e^dained nor can 
the necessity of imposii^ criti^ limits on die 
proportion of organic tm am^yound. 
The curable urethane compositions of this 
10 invention are fluid and pourable when pre- 
pared and remain so for extended periods. On 
hardening, these compositions produce ure- 
thane elastoners having varied applications. 
They can be cast or moulded into intricate 
15 shapes and forms to produce such diverse 
articles as solid tyres, anti-vibration mount- 
ings, impdlers, propellers, bushing^ bearings, 
shaft linings, gears, belts, protective equip- 
menti hehnet linings, and gas masks. 
20 The urediane prepolymers, their mode of 
preparation, and the materials used in their 
prq)aration arc known in the urethane art 
Typically, the prepotymers are prepared by 
reacting, at a temperature between about 50*^ 
25 c. and 100° C, a hydro35yl-terminated poly- 
mer, e.g. a polyester polyoL <Mr a pdyall^ene 
edier polyol, having an average molecular 
weight <rf at least 500. and a hydrojgrl number 
of at least 40, wnk an excess of an iurganic 
polyisocyanate. BcefaaUy an ^ess of at least 
one mohr equivalent d isocyanate is used, 
althougji in some instances to twdvc or 
more equivalents of isocyanate pa: equivalent 
of hydroxyl group can be used. In the present 
instance prepdymers containing from 4% to 
8% free isocyanato groups are especially pre- 
ferred. 

The hydroxyl-terminated polymer used to 
prepare die ureti^e prqpolymer can be, for 
example a pdyester polyol (inchiding poly- 
esteramide polyols) or a polyether polyd (in- 
cluding thiols). Preferably these polyols are 
essentSlly linear in character and have a func- 
tionality of about 2. 

The polyester polyols, as a class, are VTell 
known and can be prepared by conventional 
means. For example such polyesters can be 
prepared by condensing one or a mixture of 
dibasic acids with one or a mixture of gjycds. 
50 Typical of the suitable dibasic acids are suc- 
cinic, glutaric, adipic, pimelic, suberic, azdaic, 
subadc, and terephthalic adds. Typical of the 
gjycols which can be used are ediylene glycol, 
1,2- and l,3i)ropylene glycols, 1,4-butylene 
55 glycol, and hexamethylene glycol. Polyesters 
derived from adipic acid and a mixture of 
ediylene and l,2-prof)yiene .^ols are pre- 
ferred. The polyesters can have an average 
molecular weight of at least 500, and prefer- 
60 ably between 1000 and 2500, a hydroxyl num- 
ber between 40 and 115, preferably between 
50 and 70, and a low add number, preferably 
below 5* 

The hydroxyl-terminated polymer can also 
65 be a polyether polyol, of which broad class 
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the polyalkylene ether glycols are typical mem- 
bers. These glycols are well known in this art, 
several members being available commercially, 
and are believed to have the general formula 

R 

ho(CH2--(!:h— o)xH 

vAerdn R is hydrogen or a lower alkyl group 
and X is an integer of such magnitude that 
the molecular weight of die polyether glycol 
is at least 500 and preferably within the range 
of 1000 to 2500. Suitable ^ycols of this class 
indude polyethylene edier glycol, pdypropyl- 
ene edier ^ycol, and polybuq^laie edier gly- 
cd. Polyether glycols of this dass can be 
obtained by condensation of an alkylene oxide 
or mixture of alkylene oxides, sudi as ediytoe 
oxide, propylene oxide and their mixtures with 
a pdyhydric alcohol such as ethylene glycol, 
in the presence of a suiuble caMyis^ e.g. 
trimethylamine or potassium hydroxide. The^ 
jweparation of sudi polyalkylene ether glycols' 
is well knovra m this art 

Any of a vwde variety of organic polyiso- 
cyanates can be used to react with the poly- 
meric polyds in the formation of the urethane 
prepolymer. Thus aromatic, aliphatic and 
cydodiphatic isocyanates can be used. Liquid 
aromatic diisocyanates are preferred As ex- 
amples of this wdl known class of reactants, 
die fdlovring are mentioned: 1,4-phenylene 
diisocyanate, 2,4-tolylene diisocyanat^ 2,6- 
tdylene diisocyanate, 1,5 - naphthalene dnso- 
cyanate, 4,4'-methylene-bis-(phenylisocyanate), 
^^imene - 2,4 - diisocyanate, 4 - meth^ - 1,3 - 
cydohexyldiisocyanate, 4,4' - methylene - bis- 
(cydohexylisocyanate), 1,6 - hexamethylene 
diisoqranatei and the pdyalkjdene-polyaryl 
polyisocyanates disdosed in United States 
ment No. 2^683,730. Mixtures of these and 
equivalent isocyanates can be employed also 
if desiKd. Espedally preferred is die com- 
mercially available mixture of about 80% 2,4- 
and about 20% 2,6-tolylene dusocyanates in 
pure or crude form. 

The chain-extender whidi is induded in the 
curable urethane composition is composed of 
a major i»oportion of an aryl diamine, a major 
proportion being tiefined as more than 50% 
by weight of the diain-extender. The chain- 
extender can contain 100% aryl diamine; how- 
ever, other chain-extenders such as low mole- 
cular weight glycols and aminoalkanols, having 
from 2 to 10 carbon atoms, can be, and are 
preferably, induded in die chain-extender 
composition in minor proportion, i.e. less than 
50% by wdght of the chain-extender com- 
position. The aryl diamines are a well known 
class of urethane elastomer chain-extenders. 
These rea^nts, vrfnch are sometimes also re- 
ferred to as "hardeners** probably react v/iih 
the prepolymer by a cross linking medianism 
thereby giving rise to a stiffening of the poly- 
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mer chain. Th^^j diaioines produce elasto- 
mers of excellent tcaisfle strengiii, hardness, 
and other physical characteristics and hence 
are widely used Typical examples of the aryi 
diamines are the following: 4,4' - methyleDe- 
bis - (2 - chloroaniline), 4,4' - methylene- 
bis - (2 - bromoaniline), 4,4' - methyiene-lMs- 
(2 - methoxyaniline), 4,4' - methylene - bis - 
(2 - hexylaniline), 4,4' - methylene - bis - (2- 
ediylaniline), 1,5 - naphthalene diamine, 
2,2' - dichlorobcnzidinc, and dianlglrfi>f> 
Mixtures of these and equivalent aryl di- 
amines can also be used. Examines of tiie 
other components that can be used in addition 
to die aryl dianoine component of the chain- 
extender compcsition are a%lene diols, such 
as ethylene ^ycol and 1,4 -butane diol and 
aminoalkanols, such as 2 - aminoethanol and 
3 - aminobutand - 1, and mixtures thereof. 

The chain-extender is in general used in 
the curable urethane composition in a propor- 
tioa of 5% to 25% based on the total weight 
of the composition and; preferably, from 10% 
to 20%, although other proportions may be 
desirable depending on the requirements for 
the elastomer. 

The organic tin ccmpoimds in the new com- 
positions arc well known in the urethsme art. 
In combination with the other components of 
the curable methane composition of this in- 
vention and in the correct proportion, a de- 
celerating rather than an accelerating effea is 
produced and an undesirably short pot life is. 
extended .to - a desirably long pot life. The 
preferred proportion oi organic tin compound 
is from 0"l5% to 0.4% based on the total 
weight of the curable urethane composition, 
the optimum proportion generaUy being 020% 
to 0.35%. The organic tin compounds can 
be represented by the general formulae: 



R2 

R,— Sn— OR 



or 



Sdh-OR 



wherein R represents an acyl radical such as 
acetyl, propionyl, octanoyl, or lauroyl; R,, Ro, 
and R3 represent OR, alkvl of 1 to 18 carbon 
atoms, hydrogen, or halogen, R„ Ro, and R^ 
being the same, or different. Examples of 
organic tin compounds are as follows: di- 
methyltin dioctoate, dicctyltin diacxtate, stan- 
nous laurate, stannous hexanoate, tributyltin 
a - phenylphenate, stannous octoate, stannous 
oleate, stannous tartrate, dibutyltin di(2-ethyl- 
hexoate), dibenzyltin di(2-ethyihexoate), di- 
butyltin dilaurate, dibutyltin bis(o • phenyl- 
phenate), dibutyltin bis(acetylacetonate), di- 
benzyltin dioleate, dibenzyltm dflaurate, di- 
ethyltin dilaurate, dilauryltin dibutyrate, di- 
bu^tin dibutyrate, butyltin dibutyrate capro- 
ate, benzyltin tnstearate, stannous succinate, 
and stannous adipate. Stannous octoate and 



dibutyhin dilaurate b^Se of their ready 
availability and ^ectiveness are j^ened 
members of this class or organo-tin compound. 

The term "an effective amount rf an 
organic tin compound^ as used in the defini- 
tion of inventiaii means the amount of a par- 
dcular organo-tin compound which is effective 
when us^i with particular proportions of a 
specified uretfiane prepoiymer and a specified 
chain-extender. In some cases it has been 
found that slight less or greater proportions of 
tin c<Hnpoimd than the preferred amounts 
mentioned above give the unique results 
described. 

It should be noted that where an oiganic 
tin compound is used as a catalyst in the for- 
mation of the prepoiymer, which is a depar- 
ture from the usual procedure, the amount 
organic tin compound carried over in the pre- 
polynier into the new curable urethane com- 
position must be brougjit within tte prescribed 
critical limits of this.myention by adding or 
renaoving the organic tin compound as re- 
quired, if the deared result of extoider pot- 
life is to be obtained 

The chain-extender can be added to the 
urethane prepoiymer containing free isocyanate 
groups in an amoimt wluch is generally with- 
in the range of 80% to 100% of the amount 
theoretically requited to react witii all of the 
free isocyanate groups of die prepoiymer. The 
selection of a particular diamine, or mixture 
of di a mine and glycol or aminoalkanol or 
other type of extender, is dependent to a large 
extent upon the properties desired in the cured 
dastomer. These criteria are thoroughly dis- 
cussed in the many patents and publications 
in this field and hence, being well known to 
those skilled in this art, require no discussion 
here. 

The invention includes within its scope com- 
positions, adapted for use in making curable 
urethane compositions comprising a chain- 
extender con:yosed of a major proportion of 
an aryl diamine togetiier with an organic tin 
compound in an amount effective to provide 
a urethane composition with an extended 
pot-life. Such compositions give c<Kivenience 
in handling and shipment for use with con- 
ventional tirethane prepolymers as described 
above. 

The following Examples illustrate the inven^ 
tion. Parts and percentages are by weigjit and 
temperatures are given in degree Centigrade 
unless otherwise specified. 

Example 1 
Part -4— -Preparation of Prepoiymer 

A urethane prepoiymer was prepared in a 
conventional manner by heating at about 80° 
for about 3 hours, a mixture of 4,4'-methyl- 
ene-bis(phenylisocyanate) and ethylene pro- 
pylene adipate (a polyester derived from an 
80:20 mixture of eth^ene and propylene gly- 
cols and adipic acid, having an average mole- 
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cular weight of about 2000 and a hydro^rl 
number of about 56.1 mg. KOH per g. The 
diisojyanaic and polyester were combined in 
arra)unis equivalent to 3.2 NCO groups to 1 
5 on group. The resultant urediane prepolymer 
ccniaincd 574/. free NCO groups. 

Parr Preparation of a Curable Urethane 
Composition containing No Tin Salt. 
A mixture of 5.75 parts of 454''-mediylene- 

10 bis-/'2-chlcroaniline) and 1.75 parts of 1,4- 
buiane did were heated to 100° and then 
added to 70 parts of the urethane prepolymer, 
prepared as described in Fart A preheated to 
ItW. The mixture was agitated for about 15 

15 lo 20 seconds and then poured into a mould 
preheated lo 130^. The mixture has a pot- 
liff of 70 seconds. 

Part C— Preparation of a Curable Urediane 
Composition with Tin Salt 

2D Repetition of the procedure of Part B of 
this example but with the inclusion of 0.24 
(031 / ) stannous octoate resulted in a 
curable urethane composition haviE^ a pat-life 
cf 220 seconds at 130°. 

25 TiH-life was determined by pouring the 
mixture into a mould preheated to the speci- 
fied temperature and carefully observed. The 
time which elapsed from the mixing d ine 
components until the composition was no 

30 longer fluid was taken as the pot-life. The 
fluidity of tlic mixture was determined by 
inserting a wooden tongue depressor into the 
curable composition. When the void famed by 
inserting and removing the depressor does 

35 not disappear, the mixture is said not to be 
fluid.) 

Ex&MPiB 2 
Parr A— A mixture of 7343 parts of polyoxy- 
propylene diol (having an average molecular 

40 weight of 1000 and a hydros^i number of 
about 110 mg KOH per g.) and 3272 parts 
of a mixture of about 80% 2,4- wd about 
20y 2,6-tolylene diisocyanates was heated to 
about 70^ and maintamed at between 59*^ 

45 and 83^ for about 4J hours. The resuicmt 
urethane prepolymer was cooled to ambient 
temperature. The product had an amine equi- 
valent of 544 and contained 7.74% free NCO 
groups. 

50 Pan B—To 70 parts of the urethane prepoly- 
mer prepared in Part A and preheated to about 
110^, 15.5 parts of molten (10(P) 4,4- 
mcthylcne-bisf2-chloroaniline) were added and 
the mixture was vigorously agitated for about 

55 15—20 seconds. The mass was poured into 
a mould preheated to 130**. The pot-life was 
65 seconds. 

Example 3 
A mixture of 7.58 parts of 4>4'-mediylene- 
60 bis-(2-chloroaniline), ±56 parts of 1,4-butane 
diol and 0.20 parts (0.25%) of stennous 
oaoate was heated to 100^ and then added to 



70 parts of hot (about 110°) urediane pre- 
polymer prepared as in Example 2, Part A. 
The mixtiue was vig<aously agitated for 15 65 
seconds and then poured into a mould pre- 
heated to 130®. The pot-life of tiiis curable 
urethane mixture was 240 seconds. 

Example 4 m . .ja 

In a similar manner to that described m 70 
Example 2, a mixture of 15.5 parts rf 4,4 - 
metixylene - bis - (2 - chloroaniline) and 0.24 
parts (028%) of stannous octoate, when 
mixed widi 70 parts of the urediane pre- 
polymer described in Example 2, Part A, gave n 
a curable urethane composition having a pot- 
life of 90 seconds. 

Example 5 
A c<Mnposition was prepared as in Example 
4 but with the amount of stannous octoate oU 
increased ftt>m 0.24 parts to 0.37 parts 
(0.43%). The pot-life was reduced to 45 



Example 6 

A composition was prepared as in Example 3 85 
but usmg a mixture of 9.3 parts of 4,4'- 
mediylene-bis-(2-chloroaniline), 2.09 parts of 
1,4-butane diol and 0.23 parts (0.28%) of 
stannous octoate. A curable urediane com- 
position having a pot-life of 195 seconds at 90 
130^ was obtained. 

Example 7 
A composition was prepared as in Example 3 
but using 11,6 parts of 4,4-mediylene-bis- 
(2-chlorcaniline), 1.3 parts of 1,4-butane did 95 
and 0.24 parts (0.29%) of stannoiB octoate. 
A curable urethane composition havmg a pot- 
life of 110 seconds at 130° was obtamcd. 

Example 8 

Example 7 was repeated using 0.18 parts IOC 
(0Ji2%) of stannous octoate Instead of 024 
parts A curable urediane composition havmg 
a pot-life of 95 seconds at 130° was obtained. 

Examples 9 — 13 
Part il— ftepolymer Preparation lOf 

A mixture of 500 parts ediylene-propylene 
adipate (molecular wdght 2000, hydroxyl 
numbff 56.1) and 85 parts of a mixture of 
about 80% 2A and about 20% 2,6-tolylene 
diisocyanates was heated to and maintamed at 111 
go*' for 3 hours. ^ . , 

In a separate vessel 31 parts of ethylene 
glycol were added dropwise, at 90^ to 95^, 
fo 183 parts of hot (85<> to 90°) mixed 2»4- 
and 2,6-tolylene cKisocyanates. The resulmt 11. 
mass was heated at 90° to 95^ for i hour after 
completion of tiie glycol addition. 146 parts of 
the resultant adduct were then added to the 
polyester prepolymer mass prepared above and 
die mixture heated at 80° for diree hours. 12< 
The resultant prepolymer contained 6.2%o free 
NCO, 
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n.^u\ ^i. ' . parts), and zero or various amounts of oreanic 
Curable urediane compoations were pre- tin compound. The effects of the tin com- 
pared using 70 parts of the urediane pre- pound Concentration on the po^Uf rof Ae 
polymer of Pan A a 51^^50%^^^^ resulmt curabk ureAanrccK 10 
lent mmure of 4,4'-n^yleae-bi^(2-cbloio. indicated by the data in die f™S Tabk 
amhne) (6.2 narts^ and 1.4-b«tanA dtnl o i / m iuuuwmg laoie. 



aniline) (6.2 parts) and 1,4-butanc diol (2.1 

Table 
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Legend: A is dibutyltin dilaurate 
B is stannous octoate 



WHAT WE CLAIM IS:— 

1. A curable urethane. composition com- 
15 prising a urethanc prepalymer containing free 

isocyanate groups, a chain-extender composed 
of a major proportion by weight of an aryl 
diamioe, and an amount of an organic tin 
compound effective to provide a urethane com- 
20 position with an extended pot-life. 

2. A curable urethane con^osition as 
claimed in daim 1 comprising from 0.15% 
to 0.40y, by weight of the organic tin com- 
pound. 

25 3. A curable urethane composition as 
claimed in claim 2 comprising 0.20% to 
0.35% by weight of die organic tin . com- 
pound. 

f • A curable urethane composition as 
30 daiined in any one of the preceding claims 
comprising 5% to 25%, by weight of die 
chain-extender. 

5. A curable urethane composition as 
claimed in any one of the preceding claims 

35 wherein the chain-extender is composed of a 
major proportion by weight {rf an aryl diamine 
and a minor proportion by weight of a glycol 
or aminoalkanol. 

6. A curable urethane composition as 
40 claimed in any one of the precrfing daims 

wherein the organic tin compound is stannous 
octoate or dibutyltin dilaurate. 

7. A curable urethane composition as 
claimed in claim 1 substantially as described 

45 in any one of the foregoing Mamrfes 1, 3, 
4, 6, 7, 8, 10, and 11. 

8. A composition ada|»ted for use in a 
curable urethane composition comprising a 



diain-extender composed of a major propor- 
tion by weight of an aryl diamine t^^edier 50 
with an OTganic tin compound in an eSctive 
amount to provide a curable urethane com- 
position witii an extended pot-life. 

9. A^ conqjosition as claimed in claim 8 
comprising the organic tin compound in an 55 
amount suffidem to provide 0.15% to 0.40% 

by wei^i of organic tin compound in the 
curable urethane composition. 

10. A composition as claimed in claim 9 
wherein the organic tin compound is present 60 
m an amount suffident to provide 0.20%, to 
0.35% by wdght of organic tin compound in 

the curable urethane composition. 

11. A composition as daimed in any one 

of claims 8 to 10 wherein the chain-extender 65 
is composed of majw proportion by weight of 
aryl diamine and a minor proportion by wdght 
of a gUycol or aminoalkanol. 

12. A composition as claimed in any one of 
claims 8 to 11 wherein the organic tin com- 70 
pound is stannous octoate or dibutyltin di- 
laurate. 

13. A composition as daimed m daim 8 
substantiaUy as described. 

A process for the preparation of a 75 
curable urethane composition die process com- 
iwising adding to a urediane preformed pre- 
polymer containing free isocyanate groups, a 
diam-extender composed of a major propor- 
tion by wei^t of an aryl diamine, and an 80 
amount of an organic tin compound effective 
to provide a urethane cwnposition with an 
extended pot-life. 
IS. A process as daimed in claim 14 wheie- 
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in 0.15% to 0.40% by weight of the organic 
tin (X>mpound is employed. 

16. A process as daimed in daim 
wherein 020% to 035% by weight of the 
organic tin compound is employed. 

17. A process as daimed in any one of 
claims 14 to 16 wherein 5% to 25% by 
weight of the diain-cxtender is employed. 

18. A process as claimed in any one of 
claims 14 to 17 wherein the chain-extender is 
composed of a major proportion by weigjit of 
an aryl diamine and a minor proportion by 
wdght of a glycol or aminoalkancd. 

19. A process as daimed in any one of 



dahns 14 to 18 wherein the organic tin com- 
pound is stannous octoate or dibutyltin di- 
laurate. 

20. A process as daimed in daim 14 sub- 
stantially as described in any one of the fore- 
going Examples 1, 3, 4, 6, 7, 8, 10 and 11- 

21. A curable urethane composition when- 
ever prepared by a process as claimed in any 
one of daims 14 to 20. 

J. A KEMP & CO., 
Chartered Patent Agents, 
14 South Square, Gray's Inn, 
London, W.C.1. 
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